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Abstract. AMI-endowed collaboration between empowered individuals at work 
will catalyze creativity, which, in turn, will facilitate multidisciplinary 
innovation, and reduce barriers and inefficiencies among people working 
together, such as to boost productivity gains. Collaborative working 
environments and processes will build on the so-called 3rd wave of Internet, i.e. 
utility-like network technologies, sensor and wireless technologies, and 
commodity-like software, which will provide the features needed for seamless 
asynchronous and synchronous interactions between individuals irrespective of 
their locations, perhaps on the move, and with the surrounding environment 
(sensors and actuators). 
This chapter will showcase a challenging application scenario for collaboration 
in pan-European AMI-like working environments for augmented empowered 
workers at the centre, namely SEEM@work scenario. Design requirements 
related to virtualization, seamless connectivity and management of complexity 
will be derived from the analysis of this scenario. Next, it will be detailed how 
the development of enabling collaboration technologies, in the form of 
middleware for collaborative work, built on the new wave of Information and 
Communication Technologies and integrating with the next generation 
knowledge infrastructures, can contribute to tackling these challenges. Finally, 
the main theme of collaboration will be showed in two real world contexts: e-
Maintenance and e-work in rural and remote areas. 
The AMI paradigm is critical for any future development of collaborative 
working environments, reducing communication barriers to facilitate natural 
interactions. This goal requires the definition of theoretical models capturing 
entities, behavioral and organizational aspects as a first step to the adequate 
development of enabling technologies. Therefore, a multidisciplinary approach 
and the involvement of industrial users, together with RTD centers, are required 
for the realization of AMI-like collaborative working environments. 
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13.1   Introduction: setting the scene 
 
Collaboration@work is based on the 3rd wave of Internet and its objective is "to develop 
technologies that will allow synchronous and asynchronous real time seamless interactions 
between individuals who define common objectives and work actively and effectively to 
achieve these common goals, participating in agreed business processes". Actually, 
collaboration@work is the technological platform that will facilitate e-Work, defined by 
the PRISM Center as “any collaborative computer-supported and communication-enabled 
operations in highly distributed organizations of human/robots/autonomous systems” [1]. 
According to this definition, e-Work underpins any e-activity, including e-Business and 
e-Commerce (see Figure 13.1). 
 
 
 
Figure 13.1 e-Work is the enabling technology for e-activities 
Since the 90's, there has been an improvement in Business Processes automation and 
interoperability, as well as in methods of work for people working alone. Although the 
work in these areas is far from ended, it is time to move the focus towards the 
improvement of the way in which people work together. Actually, the realization of 
collaboration@work will make possible e-work operations to enable e-Commerce and e-
Business activities. Hence, it is high time to do more research and development on new 
working environments ready for collaboration. Future working environments should allow 
collaboration between individuals and interaction with the environment, taking into 
account mobility aspects. They should be developed in line with the new Information and 
Communication Technology (ICT) trends, the so-called 3rd wave of Internet, i.e. utility-
like network, sensors and wireless technologies, and commodity-like software. Research 
on collaborative mobile working environments should concentrate on a few focal points 
identified later on this chapter and adopt a multidisciplinary approach. A challenging 
application scenario, the Single European Electronic Market (SEEM), will be used in order 
to derive the design requirements needed for drawing up the main features of the 
collaboration@work platform. 
While collaboration@work is not, strictly speaking, the next generation of KM 
(Knowledge Management), WfMS (Workflow Management System) or CSCW (computer-
supported cooperative work), it can be considered that collaboration@work is moving on 
based on the findings done by KM, WfMS and CSCW research towards a new dimension 
at the nexus of the 3rd wave of Internet (see Figure 13.3). 
 
 
13.2.  What has been done? 
 
While a lot of resources have been spent on business process automation and 
interoperability technologies, collaborative technologies have not been so privileged. 
Nevertheless, several research and development (RTD) projects, as well as commercial 
applications have been developed in this area in the last years. These efforts have led to a 
precise conceptualization of collaboration and to the identification of the potential benefits 
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of collaboration@work solutions across companies' borders, highlighting the importance of 
IT-based collaborative working environments. 
13.2.1   Conceptualization of collaboration@ work 
 
There are many definitions of collaboration, for instance, I. Laso and M. Iglesias (2002) [2] 
consider that collaboration includes “the relations between organizations (and their 
members), which define common objectives and work together to achieve these objectives, 
participating in previously agreed business processes”. Not only does this 
conceptualization considers the organizational aspects as an intrinsic component of 
collaboration between individuals, but it also includes business processes, highlighting the 
fact that collaborating individuals cannot be considered in isolation from the virtual, or not 
virtual, enterprises that they work for. This approach considers that people will have to be 
the driving force, at the center of creativity and innovation.  It focuses on the need for 
agreement between the participating agents, pointing out the difference between 
collaboration and cooperation. Cooperation does not require the definition of common-
objectives, i.e. two individuals can cooperate for their own interest even without having to 
share the goal of this joint work. 
There are other definitions coming from associations of users, e.g. the National 
Assembly of Health and Human Service Organizations (1997) [3] defined collaboration as 
“the process by which several agencies or organizations make a formal commitment to 
work together to accomplish a common mission-related issue”. It “requires a commitment 
to participate in shared decision-making and allocation of resources relative to activities 
responding to mutually identified needs”.  
For the purpose of this chapter, collaboration@work is defined as “the set of 
technologies that will allow synchronous and asynchronous real time seamless interactions 
between individuals who define common objectives and work actively and effectively to 
achieve these common goals, participating in agreed business processes". 
 
13.2.2   e-Work underpins  e-Business and e-Commerce 
 
While e-Work is highly related to e-Business and e-Commerce, it is not same. It is possible 
to define e-Commerce as the electronic exchange among companies, many times among a 
company and its customers and providers. In contrast, e-Business put the emphasis on 
internal e-activities within a given company. 
e-Work [4] compasses the set of e-operations and e-support required to enable e-
Commerce and e-Business activities, as well as many non-profit e-activities. It is important 
to make this distinction because there are certain common principles in the design of 
effective e-Work, without which e-activities cannot succeed. Hence, e-work is the 
foundation of e-activities (see Figure 13.1). 
The enabling collaboration@work technologies will augment human abilities to work, 
in particular to collaborate among team members, among distributed machines and sensors, 
and among all the members of the value chain (producers, suppliers, distributors and 
customers). 
Collaboration@work will allow mobile workers to manage the increased complexity of 
accumulating tasks in a virtualized working environment. Concurrent engineering and 
virtual design are examples of the tendency to collaborate in order to solve complex 
problems. 
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13.2.3     Why is collaboration so important? 
 
Many studies highlight the importance of collaboration, spotlighting the positive effects of 
collaboration on creativity, innovation and productivity (see Figure 13.2). All of these 
studies are based on the concept of interaction, i.e. “search, coordination and monitor 
activities done by individuals during the exchanges of goods, services and ideas”. The 
effect of an improved collaboration between individuals will be: a reduction on the cost of 
interactions, an improvement of the efficiency and productivity of people working together 
and, most importantly, a push on innovation as a consequence of the increase number of 
creative ideas. Knowledge Organizations can be considered as a composition of human 
brains, procedures and Business processes. ICT for collaborative working environments 
focuses on fostering collaboration among human brains, allowing seamless interaction in a 
complex and virtualized world. As a result of this collaboration there will be new creative 
ideas that will be turned into new products and services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.2 From collaboration to Innovation  
As regards the beneficial effects on costs of interactions, there are several studies 
concluding that around 50% of all companies’ activities are interactions and that they 
represent more than one third of the GDP in most of the developed countries [5]. Hence, 
the cost of interactions for companies is huge and collaborative solutions could reduce 
dramatically these interaction costs. 
As for the impact of collaboration on productivity, with the start of the new millennium, 
there has been a recognition that most of the productivity increases will come from 
interpersonal productivity. In addition, Bill Gates [6] said that "Almost everything is 
group-oriented. Everything has to do with the inefficiencies that exist with people working 
together". 
Although the benefits for reduction of costs and improvement of productivity are 
important, the most relevant advantage will be for innovation. Huge increases in creativity, 
hence innovation, will only be generated if culturally different working environments are 
linked together in a seamless electronic working environment capable of harnessing 
diversity in Europe, and around the world. Collaboration across companies' frontiers will 
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bring together different ways of thinking and allow the dawn of terrific innovative ideas 
(see Figure 13.2). Actually, the greatest improvement in the innovative powers of labor, 
and the greater part of knowledge with which it is anywhere applied, seem to have been the 
effects of collaboration between workers. 
 
 
13.2.4  ICT and collaboration 
 
Enabling collaboration@work Technology Platform comprises both human factors and 
Information Technology (IT) components. On the one hand, humans should be put at the 
center of any further developments in collaborative solutions. A dynamic approach might 
be used so that not only are users involved in the requirement analysis and design phases to 
identify new RTD challenges, but also in further phases of research and development. 
Participation of users should not be static and the interactions with the environment 
need to be taken into account. 
On the other hand, ICTs have a role in fostering collaboration, and an emerging IT 
market will consolidate in the coming years. Actually, BusinessWeek (2003) [7] stated that 
“collaborative solutions will be the next billion-dollar category”. In addition, Cordis News 
(June 2003) [8] reported that “technologies and application that allow for new and 
effective forms of collaboration will not only foster creativity and harness European 
diversity, but will also boost levels of innovation in Europe”. Consequently, it is clear that 
IT will be a key component of any collaborative solution and a software industry related to 
collaborative solutions should be developed in the coming years to meet these 
expectations. 
There are two types of IT-based collaborative applications. The first type of applications 
is devoted to collaborative business processes, and the second for allowing collaborative 
working environments between human beings and artificial agents. Both types of 
applications will be integral parts of a wider range of applications, the so-called 
"collaborative commerce applications" across companies' borders. 
As a consequence of these opportunities, interest in this topic arose some years ago in 
the research community. In fact, the majority of the IT conferences held nowadays include 
a considerable share of papers about IT applications for collaboration, mainly for 
collaborative engineering. 
As a result of these recent works, this is the time for the dawn of a new R&D domain, 
and the related software industry, pointed at the use of ICT for providing the collaborative 
features needed by the knowledge society. This new R&D domain will face new 
challenges popping up from the new ICT trends, the so-called 3rd wave of Internet. For 
example, mobile work challenges the traditional concept of collaboration, generating new 
R&D challenges. On the other hand, the ambient intelligence vision (ISTAG, 2002) [9] 
with pervasive computing environments creates new challenges in allowing collaboration 
between individuals and artificial agents on a Peer-to-Peer basis. 
 
13.2.5  RTD projects and commercial tools 
 
Although the amount of resources allocated to the development of collaborative solutions 
has not been as high as in other RTD domains, the clear benefits for European Economy 
have given rise to several outstanding RTD projects and commercial applications. 
Regarding European RTD projects related to collaboration, 'Motion' [10], 'Scoop' [11] 
and 'Future Workspaces' [12] are three spotlighted projects funded by the 5th RTD I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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Framework Programme of the European Union. Motion project piloted innovative 
solutions supporting knowledge access and sharing, teamwork and distributed working 
methods for collaborative product development and business management in largely 
distributed, knowledge-based enterprises. Scoop project addresses the problem of 
managing collaboration in dynamic SME networks using an innovative and advanced 
solution based on collaborative planning and monitor. Future workspaces project describes 
a vision of collaborative engineering of the future and identifies future research challenges 
in implementing this vision. 
As regards commercial applications, the best-known is Groove. Groove provides 
content and collaboration capabilities to mobile, distributed, and cross-company teams. 
Groove Mobile Workspace allows XML forms-based information to be captured 
anyplace at anytime. In addition, users can also use Groove Workspace to co-edit Word 
documents, jointly view PowerPoint presentations and take advantage of our integration 
with Outlook. Groove allows set up ad-hoc networks among individuals, which has been 
very useful for their military applications in Kosovo and Iraq wars and pacification 
processes. 
 
13.2.6   Collaboration@ work, CSCW, WfMS and KM 
 
Collaboration@work cannot be strictly considered as KM (Knowledge Management), 
WfMS (Workflow Management Systems) or CSCW (computer-supported cooperative 
work) next generation, because it includes many new aspects such as mobility components, 
seamless connectivity, grid-enabled tools, interaction with the surrounding environment 
full of sensors and actuators, and the shift from cooperation towards collaboration (see 
section 2.1). On the contrary it can be considered that collaboration@work is moving on to 
a new dimension at the nexus of the 3rd wave of Internet, although the starting point is 
based on the findings done by KM, WfMS and CSCW research (see Figure 13.3). 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.3 Foundations of collaboration@work, and way ahead 
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However, it is fair to recognize the good work done by CSCW-related projects in aspects 
such as presence awareness, instant messaging, synchronous workplaces, workgroup 
meeting in community environments and one-to-many conferencing. 
Nevertheless, there are authors, like Wilson (1991) [13], who considers CSCW in a 
broader sense, defining CSCW like "a generic term which combines the understanding of 
the way people work in groups with the enabling technologies of computer networking, 
and associated hardware, software, services and techniques". This generic definition would 
include collaboration@work concept, as it is defined at the beginning of this chapter. In 
any case, what is an inseparable component of collaboration@work is the focus on 
collaboration on tasks leading to common-objectives, and not only the co-operation on 
shared tasks. The work done by Ishii et al [14] on "Iterative design of seamless 
collaboration" is worth mentioning on the context of outstanding research on CSCW 10 
years ago (1994). 
Besides contacts with CSCW, collaboration@work is also based on findings coming 
from Knowledge Managements (KM) research. Mainly because any collaborative work 
will involve the exchange of information and consequently transfer of knowledge. This 
knowledge has to be managed with computer aid; hence KM research is a key component 
of collaboration@work research. To this respect McGregor (2003) [15] defines 
"collaborative environment" as the production of support through the influence of research 
from both CSCW and KM. 
Finally, research done on Workflow Systems to provide scalability, availability and 
performance reliability will have to be extended to dynamic environments. It will be 
required new workflow models capable of managing events in complex networks leading 
to better collaboration. Besides, future workflow control will involve error management 
before they actually occur. 
Currently, several research teams coming from mobile, middleware, grid, and semantic 
web technologies are converging towards doing research and development on 
collaboration@work. At the same time, research teams working on traditional 
collaborative technologies-CSCW (videoconferencing, instant messaging, etc) are moving 
towards a broader concept of collaborative Working environment, including topics such us 
access to virtualized resources, seamless connectivity, mobility components, interaction 
with the surrounding environment, service-oriented computing (e.g. Web services), shift 
from co-operation towards collaboration and management of complexity as integral parts 
of collaborative solutions. Hence, this RTD domain is positioning at the crossroads of 
utility-like network, Internet of things (sensor & actuators tech providing a glean vision of 
the physical world), multimodal interfaces, wireless and semantic web. 
 
 
13.3.   3
rd wave of Internet and AMI-empowered collaboration@work 
 
Research efforts on AMI-endowed collaboration@work should adopt a multidisciplinary 
approach, including human behavior and IT components, in order to meet societal 
expectations arisen by collaboration-related advantages. In addition the research efforts 
might consider only a few focal research areas, those areas in which the expenditure of 
resources would have a higher multiplying effect. Moreover, RTD challenges must 
consider the current ICT trends, the so-called 3rd wave of Internet, on which AMI is based. 
Considering all these requirements, the following paragraphs will detail the RTD 
challenges related to collaborative solutions in an Ambient intelligence environment. I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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This part of the chapter starts establishing the benefits leveraged from these new ICT 
trends on collaboration@work. Afterwards, a knowledge-based collaborative application 
scenario will be explained, the so-called Single European Electronic Market (SEEM) [16], 
in order to derive the R&D challenges required to implement pan European collaborative 
mobile work spaces as integral parts of the SEEM. 
 
13.3.1    3
rd wave of Internet. The basis for AMI 
 
Emerging collaboration across companies' borders will be fostered through the new ICT 
trends, which will allow the development of innovative collaborative solutions. In 
particular, utility-like network, wireless and sensor technologies (The Internet of Things), 
and the commodity-like software trend, the so-called '3rd wave of Internet', will facilitate 
the birth of new collaborative solutions. The challenges faced by this multidisciplinary 
R&D domain are great. Not only is it cutting across many traditionally non-well connected 
technology sectors but it also integrates some parts of these sectors to increase the 
effectiveness of the R&D investments. These collaborative working environments will 
deliver new productivity gains and, mainly, innovation and creativity advantages derived 
from the 3rd wave of Internet. The following description gives details about each one of 
these components of the so-called "3rd wave of Internet". 
Table 13.1 ICT trends. 3
rd wave of Internet 
Utility-like network 
Wireless and sensor technologies (including adaptive 
computing) 
Commodity-like software 
 
First, the utility-like network trend is based on the principle of “utility”. That is to say, 
when individuals plug into a utility network they will have access to all the virtualized 
resources they might need, both in terms of computing capacity and real time 
interaction/connectivity with the surrounding working environment, as well as with other 
individuals (see Figure 13.4). All the same, utility-like performance is expected, i.e. 
availability 24 hours a day, seven days a week. Utility-like network access, connectivity 
and computing will be based on Peer to Peer architecture as the logical evolution of 
computers architecture in the process of adaptation to the actual situation in business and 
society, where the trend is towards win-to-win relationships between equals. However, not 
all elements of the utility-network concept are ready for mainstream corporate use. For 
instance, one that still faces major R&D challenges is grid computing. Unlike a utility data 
center (UDC, concept developed by HP), which moves whole programs between machines, 
grid computing slices computing-intensive tasks into small pieces that are sent to dozens or 
hundreds of computers, taking advantage of underutilized machines. Grid computing is 
especially well designed for scientific or financial number-crunching jobs, but not all 
applications benefit from this slicing. Actually, many collaborative applications will 
require other kinds of utility-like services, i.e. real-time synchronous and asynchronous 
interactions, discovery services and context-aware location-based services. Other enabling 
technologies will be IPv6 (Internet protocol version 6), network route optimization tech, 
prioritization and provision tech, automation and integration tech, chargeback tech, P2P 
tech, autonomous agents and next generation trust and security paradigms. In particular, I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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IPv6 will allow automatic network configuration and facilitate the existence of huge 
amounts of identified entities. 
Secondly,  wireless and sensor technologies are evolving towards “the Internet of 
things” (Schroenberger, 2002), networks of smart machines that communicate with each 
other, allowing the virtualization of the physical world. Wireless sensors and actuators will 
set up networks dynamically, and the nodes of these networks will pass information from 
one neighbor to the next using, for example, ZigBee technology. 
 
 
Figure 13.4 Utility-like networks: computing capacity and always on connectivity 
Consequently computers will glean a connected view of the real world. With sensors, 
many of them biosensors at the crossroads of nano and biotechnologies, the Internet 
stretches to encompass global activity, whereas the Web has so far been a showcase for the 
human brain and the words, numbers, music and images that mankind produces. The radio 
frequency ID tag, called RFID, is a first step towards this aim. However, more 
sophisticated sensors, capable of creating their own networks and performing more 
difficult jobs, are required. In the future, each chip will have wireless capabilities. The 
advent of standard operating systems for sensor hardware and software, such as TinyOS, 
developed at the University of California at Berkeley, will pave the way to seamless 
collaborative working environments. Mobile workers will be able to receive information 
about their environments and make contextual searches for collaborators.  
Wi-Fi is the first step in the wireless revolution, but more innovative technologies, such 
as WiMax, Mobile-Fi, ZigBee, and Ultrawideband will push wireless networking into 
every facet of life, from cars and homes to office buildings and factories. They will expand 
the reach of the Internet for miles and create a mesh of Web technologies that will provide 
connections anywhere, anytime. ZigBee, along with its radio standard, is the technology 
that coordinates communication among thousands of tiny sensors. These sensors can be 
scattered throughout offices, farms, or factories, picking up bits of information about I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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temperature, chemicals, water, or even motion. Mobile-Fi will be available two or three 
years from now. It will let people, while on a train or a car, surf the Net at speeds even 
faster than their home broadband links today. WiMax is similar to Wi-Fi. Both create "hot 
spots," or areas around a central antenna in which people can wirelessly share information 
or tap the Net with a properly equipped laptop. While Wi-Fi can cover several hundred 
feet, WiMax has a range of 25 to 30 miles. Ultrawideband serves a very different purpose. 
The technology lets people move massive files quickly over short distances. 
Finally, software is becoming a commodity-like industry due to the predominance of 
Semantic Oriented Architecture (SOA) [18], which is based on the plug-and-play concept 
(see Figure 13.5).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.5 Commodity-like software in a wired Service Oriented Architecture (SOA) 
Any worker will be able to use available services in the Net and interact easily, plug-
and-play, with any other service used by another worker. This will be possible thanks to 
the convergence of utility-like networking services with Semantic Web and Web services - 
intermediaries that allow computer systems to talk to one another using Internet 
technology. In addition, data will flow from one program to another in a format that will be 
both easy to understand and simple to integrate across many computer systems, the so-
called XML. As a consequence, Web services are making software integration easier and 
faster in a semantic web environment where data have their meaning through the metadata 
and the relations and rules defined on top of them by ontologies. Therefore organizations 
are using Web services to keep whatever programs they are already using and just 
translating information into XML to talk to other systems. This could lead to less need to 
buy new software or to upgrade old software that works well. Hence, this commodity trend 
will move software to a commodity business. This commodity-like software will facilitate 
program independent interaction and collaboration between individuals. Regarding 
Semantic Web, knowledge-based collaborative applications on the SEEM require more 
than XML; hence, there is a requirement for the development of ontologies for 
collaborative mobile work. As regards web services-like software, ebXML is a first step to 
move web services towards asynchronous collaboration and not only synchronous 
enterprise application integration. Next generation web services should adapt dynamically 
to the changing environment allowing always on connectivity to the users and real-time I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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interaction, and have the ability to scale in order to handle bigger tasks, being able to add 
virtualized resources. As a result, SOA vision will be realized. 
All in all, these ICT trends will pave the way for a Knowledge Society for all, without 
technological barriers and enabling sustainable development, with the main goal of 
empowering people to innovate in what they do best, hiding the complexity of a virtualized 
collaborative seamless environment with a large amount of entities (tera-scale), some of 
them very small (nano-entities). 
 
 
13.4.    Application scenario: SEEM@work 
 
The Single European Electronic Market (SEEM) is defined as a knowledge-based people-
oriented network-centric environment allowing collaboration between individuals and with 
their environment as well as amongst value chains, where individuals/businesses from any 
location in Europe can link into any chain without any access or interoperability problem. 
      Hence, SEEM aims to complete and expand the Single European Market (SEM), 
primarily because "the Internet [is] the closest Europe has come to realizing the dream of 
a single, borderless market” (BusinessWeek, 12 May 2003). The main contribution of 
Information Society to the Single Market will be to foster location-independent 
collaboration between individuals and organizations by virtualization of resources, 
seamless connectivity and complexity management. 
The objective of SEEM is to achieve a network-centric environment that is: 
 
•  Open, allowing any entity to come into and leave without barriers and catalyzing the 
creation and dissolution of location-independent dynamic partnerships between 
European entities 
•  Network-centric, bringing together available resources and competencies scattered in 
Europe to allow collaborative value creation relationships - consider the network as 
the heart of the SEEM body 
•  Without constraints imposed by IT vendors or any other technological barrier that 
could hinder collaboration and relationships between entities 
•  Sustainable, the virtualization of resources will beef up awareness of the limited 
available resources and the need to combine them in the most cost-effective way. 
 
SEEM is based on the development of three pillars, the two first pillars are common to 
SEM and are not tackled in this chapter: 
 
•  Regulatory pillar. To provide a certain environment for setting up collaborative 
relationships between European entities. Some adaptations will be required to meet 
new challenges arising from the new entities moving in the network environment 
•  Monetary pillar. The advent of the euro is a milestone to increase transparency in the 
market and allow European-wide partnerships. Some measures will be required to 
assure trust and confidence to foster the use of European payment methods in the 
SEEM 
•  Technological pillar. The research and development of infrastructure, description and 
interaction technologies capable to manage millions of interactions between the 
European entities in an Ambient Intelligence (AMI) environment will facilitate the 
achievement of the SEEM objectives. Above all, this platform will support I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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persistence of data and reliable behavior of computing facilities, sensors and Web 
services, as a result of the use of appropriate communications protocols that allow 
synchronization of information and the recovery of interrupted connections. 
 
13.4.1      SEEM, collaboration and AMI 
 
The main beneficiaries of having SEEM in place will be Collaborative Solutions in future 
Ambient Intelligence Environments. Collaborative solutions in SEEM will reduce cost of 
interactions, foster creativity and allow productivity gains due to seamless collaboration 
between human and artificial entities at European level. These benefits will be based on 
interactions between entities surrounded by an AMI, with sensors and actuators embedded 
in the environment capable of identifying individuals entering the environment, and not 
only delivering personalized services with pre-emptive capabilities, but also adapting the 
chips to the particular needs of the moment (adaptive computing).  
Table 13.2 Benefits of collaborative solutions in SEEM 
⇓ Cost of interactions 
⇑ Productivity gains 
Benefits of 
Collaborative 
solutions in SEEM  ⇑ Creativity - innovation 
 
On the whole, SEEM aims at completing and extending the Single European Market 
(SEM) into people-oriented networked-centric environments, providing traditional entities 
(i.e. workers, companies, public administrations and consumers) with a collaborative 
working environment with no limits, no fear and no walls. In addition to SEM-like 
features, there will be further features due to the new entities acting in SEEM, such as 
artificial agents, web/grid services, virtualized-entities representing the real things (not 
only human beings), and descriptions of human knowledge and competencies. The sum of 
traditional entities acting in the SEM and the new entities will be called hereafter "entities". 
These entities will be able to interact with one another in an AMI environment to 
leverage the full potentiality of network-centric environments for creativity improvement, 
boosting innovation, and productivity gains. 
Table 13.3 Entities in SEEM 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a consequence of the need of anytime, anywhere interactions between entities, 
amongst the basic requirements of SEEM is the advent of pan-European seamless utility-
like network and the possibility for individuals to experience wireless interaction with 
Workers 
Businesses 
Public administrations 
Traditional 
entities 
Consumers 
Artificial agents 
representing human beings 
Web/grid services 
Virtualized entities 
representing real things 
New entities 
Knowledge and 
competences description I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
 
 
249
 
human and artificial agents in their working environments. Additionally, the SEEM 
scenario should be based on commodity-like software so that workers and individuals do 
not experience any disruption in their collaborative mobile work. 
 
13.4.2  Towards Adam Smith's dream 
 
The greatest improvement in the innovative powers of labor, and the greater part of 
knowledge with which it is anywhere applied, seem to have been the effects of 
collaboration between workers. The Single European Electronic Market will multiply this 
effect through an open, network-centric, unconstraint and sustainable working 
environment. Therefore, the importance of turning pan-European collaboration@work 
applications into reality should become a priority for Europe. To achieve these objective, 
the first steps should done on the research field, tackling the RTD challenges identified 
above with the goal of achieving SEEM.  
Apart from this effect, SEEM will also leverage the power of free trade and competition 
as stimulants to innovation and progress. On the supply-side of the market, SEEM will 
increase innovation through collaboration, and reduce friction. On the demand-side, it will 
better purchase decision through an improvement on the transparency of the market what 
will beef up quality certainty. 
Both effects will deliver new features that will increase the competitiveness of all the 
entities acting on the SEEM, in particular Small and Medium Enterprises (SMEs) and 
individuals. As can be seen in Figure 13.6, currently several hundreds of isolated 
eMarketplaces and collaborative platforms exist. Today, eProfessionals and SMEs take 
part in various e-marketplaces and have difficulties identifying possible SME partners. The 
participation in several e-marketplaces requires different software, including training, as 
well as license fees. The vision is to turn the Internet into one single electronic space to do 
collaborative business, so that SMEs and eProfessionals can take part at low financial and 
administrative costs. 
Currently, companies, in particular SMEs, are confronted with many technological 
barriers when doing e-business, including the cost of interactions. Costs related to the 
discovery of partners; negotiation of contracts and supervision of their transaction are 
strong constraints on the SMEs. The approach adopted by SEEM will be across industries 
and not split into vertical sectors, it will include interconnected value chains usually 
constrained inside separated industries. The synergies arising from these interconnections 
will leverage important benefits in terms of transparency of the market, leading the way to 
achieve Adam Smith's vision of the "Perfect free market". 
 
 
 
 
 
 
Figure 13.6 The network is the Marketplace to do collaboration 
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13.5.  Derived RTD challenges 
 
After a detailed analysis of the challenging SEEM scenario and ICT trends, it is possible to 
identify three basic requirements needed for developing pan-European AMI-endowered 
collaborative working Environments. These three requirements are: virtualization of all the 
resources in Europe, seamless connectivity between virtualized entities and management of 
complexity. The table below summarizes how each ICT trend contributes to tackle these 
basic requirements, afterwards a detailed explanation is included.  
Regarding virtualization, firstly sensor and wireless technologies will virtualize the 
physical world, secondly utility-like network will allow access to the virtualized world 
(storage virtualization, processing power virtualization, multi-point seamless connections), 
and finally commodity-like software will offer services abstracted from the "virtualized" 
world.  
Virtualization of the elements of the world ( physical resources, including wireless 
sensors and actuators, network infrastructure, IT resources, software and human 
capabilities) will allow the interaction between individuals independently of their location 
in Europe. Therefore, workers on the move across Europe will be able to access their 
collaborative working environments wherever they are. It will be possible to identify, 
assess and negotiate a collection of services and facilities that will fulfill the requirements 
for collaboration in each specific situation. People on the move, wireless sensors, web - or 
grid - services and wired physical resources will be nodes of the utility-like grid. There will 
also be 'virtual tags' identifying particular geographical areas, as a consequence when a 
person enters this virtual tagged areas, the collaborative and knowledge services platform 
will deliver him located-based context-awareness services. 
As for seamless connectivity, first wireless and sensor technologies allow mobility and 
interaction with the environment, second utility-like network will provide "always on" 
connectivity, and finally commodity-like software will offer Software as Service in order 
to facilitate collaboration and application integration, just "Plug & Play". 
Table 13.4 RTD challenges and IT trends contributions 
  Virtualization  Seamless connectivity  Management of complexity  
Wireless and sensor 
technologies 
Virtualizes the world
Allows mobility and 
interaction with the 
environment 
Gleans a connected view of 
the real world (nano-scale) 
Utility-like network 
Provides access to 
the "virtualized" world 
Provides "always on" 
connectivity. 
Allows access to 
"virtualized resources" required 
to handle complex problems 
(tera-scale). Offers unlimited 
computing power. 
Commodity-like 
software (service-
oriented) 
Offers services 
abstracted from the 
"virtualized" world 
Offers Software as a 
Service. Facilitate 
collaboration and 
application integration. 
"Plug & Play" 
Facilitate complex 
configurations and 
compositions of services 
 
As a consequence, seamless interactive environments will be achieved, facilitating 
collaborative working environment, which will define membership and methods for I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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identifying, inviting and entry of new collaborators. Besides, it will be ensured that 
switching between synchronous and asynchronous interactions is seamless, with flexibility 
to consider the change in wireless network connectivity (connection / disconnection). On 
the whole, the entities of the SEEM will be able to interact using multiple devices and with 
their surrounding working environment through the use of proximity networking. 
Concerning complexity management, first sensor and wireless technologies will glean 
a connected view of the real world (nano-scale), second utility-like network will allow 
access to virtualized resources to handle complex problems (tera-scale), and finally 
commodity-like software will facilitate complex configurations and compositions of 
services based on "Plug & Play" concept. As a result, complexity coming from 
heterogeneity and huge number of nano-components (quantum limit), as well as from the 
emergence of "disappearing organizations", and the competition between participants of 
the SEEM should be managed and hidden to the final user. 
Finally, one important challenge is the consideration of human factors and the 
involvement of individuals directly into the development process of collaborative work 
applications. In addition, it is recommended to consider collaboration as a way of 
collaborative thinking, i.e. collaboration in the sense of thinking together. Another 
challenge is to capture the long term reciprocal impact of networking on human behavior 
and vice-versa. User acceptance of collaborative tools is another RTD challenge, the motto 
should be “let users experiment, do not constrain them too much”. Theoretical research to 
understand the process of collective knowledge generation, the impact of collaborative 
working environments on human behavior and vice-versa, as well as what it means to be 
collectively intelligent is also required. 
Future research activities on virtualization, seamless connectivity and management of 
complexity will pave the way for distributed working environments (see Figure 13.7) 
which are the basis for e-activities.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.7 Enabling e-Work platform 
They will help overcome  research challenges, such as: 
 
•  Moving from coordination to collaboration: methods for moving from coordinated 
interactions among entities towards common goal-oriented interactions 
•  Scalability and visibility of distributed resources, such as workers’ knowledge, 
computational resources, and web services in a P2P architecture I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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Security and trust among collaborating peers, including workers, sensors and 
actuators, and autonomous systems. 
 
 
13.6.  Enabling Technology Platform: Middleware for collaboration 
 
The enabling collaboration@work infrastructure will provide the e-operations and e-
support required for e-activities such as e-Government, e-Business, e-Commerce and e-
Health. Therefore collaboration@work platform is an enabling technology based on a 
multidisciplinary effort among network specialists and software developers. Collaborative 
working environments will boost cooperation among human and machine entities, each 
bringing their unique capabilities to contribute to common goal-driven works. The goal is 
to enable and support cooperation between people and with their environment by flexible 
service components that will allow adaptable collaborative environments. In order to create 
value to the end user, it is important to shift from single and integrated applications to 
integrated service frameworks.   
An  enabling collaboration@work infrastructure, must be able to identify, compose and 
deliver the adequate application required by the worker using services components. 
Services, in a semantic environment, will be integrated to allow ad-hoc collaboration.  
This framework will support distributed collaborative working environments.  
Similarly, Collaborative working environments must be loosely-coupled with 
management and stream work of inter-organizational processes. With the service 
framework in place, workers will soon be able to more effectively communicate with their 
customized and possibly currently incompatible individual applications. This infrastructure 
should allow: 
 
1.  To identify which are the most relevant tasks for a worker taking into account his 
context, based on semantic information and sensors-generated data, and his needs for 
mobility and for collaboration with other workers 
2.  To define the available services that will be required for fulfilling the tasks 
3.  To orchestrate the services into the application that will be delivered to the workers 
4.  To deliver the application to the collaborators, ensuring integrity, persistence and 
security. 
Table 13.5 Collaboration@work infrastructure 
 
 
 
 
 
The development of the infrastructure for collaborative work ought to start with the 
design requirements of the middleware for secure, reliable, seamless and complex 
interactions among distributed collaborators. In addition, the middleware infrastructure 
should be as ubiquitous as possible in order to deliver the promised advantage of 
collaborative working environments. Many of the services required for a specific 
collaborative work application will be provided by the service oriented middleware. The 
Identify tasks 
Define services 
Orchestrate services 
Deliver applications I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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enabling collaboration@work middleware will be the enabling technology required for e-
activities, such as e-Business, e-Commerce, e-Learning, e-Government, etc. 
It is also important to notice that the enabling technology platform is not only for 
professional environments. The same functionality is needed for the empowered citizen in 
all his professional and private roles in the knowledge-based economy. Often the issues 
regarding privacy and security, connectivity etc are roughly the same, as also the identity 
management issues from the enabling technology platform perspective.  
Table 13.6 Collaboration@work middleware 
Interactions 
Ubiquitous 
Service oriented 
Enabling technology 
 
The cost issue of connectivity and in some cases the quality of service can be the 
factors mostly differing in the generic applications and thus the configurations of the 
services built on the enabling technology platform.  
It is important to observe in this context also the general market development in modern 
ICT devices, and to see the pattern repeating generation over generation: Professional users 
introduced the technology of calculators, PCs, portable PCs, mobile telecommunications 
(all generations!), PDAs etc. Why would this professional user drive be less dominant in 
new ICT applications for collaborative work? When people are getting used to 
collaboration and community tools in their professional environments, they constitute a 
major push for similar applications for private use as well.  
The real challenge is besides the technology development also how to speed up the 
migration of the technologies from professional environments to private environments as 
well, to build up the critical mass for content and services on the generic enabling 
technology platform. 
 
13.6.1  Why a middleware? 
 
After many collaborative work applications developed in the last years, it is high time to 
shift towards collaborative middleware services. At the same time, to increase user 
acceptance of collaboration it is essential to interface applications to the underlying 
communication system in a unified way, abstracting away the communication network 
infrastructure employing appropriate middleware. As a result, application developers will 
be relief of many of the routine tasks and will focus on the real needs of the worker. In 
addition, a middleware for collaborative work will solve the current bad experience of 
many workers who do not receive contextualized information because it is usually handled 
locally in end user devices. This problem will even deteriorate as smart phone become 
widely used. The middleware will provide the necessary services to share information and 
to keep track of tasks and process status, as well as for the contextualization of cooperation 
and conversation acts as well as appropriate visualization and interaction mechanisms. 
The middleware should be able to manage complex virtualized resources, such as 
knowledge, content and computing capacity, supporting mobile workers over public 
Internet.  I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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This middleware will be responsible for providing basic services to distributed 
applications, such as:  
 
1.  Context-awareness, based on semantic historical information and sensor technologies 
2.  Location Based Services building upon information provided by wireless and sensor 
technologies 
3.  Synchronization among distributed workspaces 
4.  Caching and replication 
5.  Persistence of data across different mobile and fixed access devices 
6.  Synchronous/asynchronous notifications 
7.  Resources allocation, identifying and delivering the resources required, in terms of 
human peers, content, knowledge and computing capacity 
8.  Identification, allowing personalization of services 
9.  Security, privacy and trust 
10.  SLA (Service Level Agreement), QoS (Quality of Service) and dependability. 
 
Collaboration@work middleware will provide seamless interface between high-end 
collaborative applications and the network layer advanced functionalities and will combine 
peer-to-peer design principles with new, centrally-managed enterprise services. A 
middleware for collaborative working environments is a key and necessary element to 
obtain benefit from the new functionalities and paradigms related to the networking layer 
advances, data repositories and computing resources layer, workflow layer, and 
Knowledge and content Management layer. The middleware will make available 
integration, documentation, libraries and APIs to the end-user software programmers. 
In the future, co-workers will be virtually connected in a global world although through 
heterogeneous means. This implies the availability of virtually infinite resources and the 
need to adapt to dynamically changing environments. Therefore middleware will allow 
applications to be aware of the context and adapt swiftly to meet their objectives. This 
middleware will allow negotiation among peers in order to build the necessary common 
knowledge to carry on the task of interest which is determined by the supported 
application. This means the need for combining Knowledge Management technologies and 
the next evolution of mobile P2P for delivering context-aware applications.  
All in all, inter-enterprise collaboration within the supply chain management 
framework and interaction between mobile workers and business processes will be 
facilitate for the advent of a middleware that will provide services for collaborative 
environments.  
 
13.6.2  How the middleware should be? Services to provide 
 
The collaboration@work middleware is an interface between network protocols/services 
and end-user collaborative Applications. It will cover several layers, at the bottom it will 
encapsulate network-provided services, on top it will incorporate knowledge management 
and computing resources management technologies, and it will be based on a service 
oriented architecture that will expose several services to the applications (see Figure 13.8). 
The final objective is to facilitate distributed interactions among workers using different 
run-time environments (Windows, Linux, PCs, TV boxes, cars, smart phones, etc) and a 
variety of communications access technologies (Wi-Fi, WiMax, Mobile-fi, 3G, etc). The 
middleware will hide the complexity derived from this diversity and ensure that workers I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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are able to collaborate for a common goal. It will allow diversities to negotiate the level of 
communication and cooperation they can achieve, therefore it will embody powerful 
negotiation logic because it will have to mediate among dynamically evolving network and 
application layers. 
On the one hand, the middleware will encapsulate network protocols/services so that 
applications and end-user software programmers will become aware about these new 
functionalities. 
It will offer a standard intermediate layer, libraries or system calls to offer access to these 
new features. Some of the network protocols/services to be encapsulated within a 
middleware for collaboration@work are: 
 
•  Several Access Networks: Fixed, 3G, WiFi, WiMax, Mobile-Fi, Personal Area 
Networks (Bluetooth, Ultrawideband) 
•  Wireless sensors technologies: RFID, ZigBee (Internet of things) 
•  IPv6, which recovers end-to-end connectivity and enables new functionalities 
•  IMS/SIP, which provides open standard solutions for applications/services signaling 
•  Mobility, which allows users to change place or network access with no connectivity 
and services disruption 
•  QoS: At least communication parameters information should be provided to the 
application or end user to decide the establishment and method for a concrete 
communication 
•  Security: Terminal security and IP layer authentication/encryption must be enhanced 
instead of using only intermediate elements or upper layer solutions. Several IPv6 
features ought to be used, such as: Encapsulated Security Payload (ESP), 
Authentication Header (AH) 
•  Network Information/Management tools: Network information sharing tools are 
necessary to discover failures or select communication methods/networks. These 
tools can be the base for agreements needed for concrete network services (inter-
domain multicast, for instance). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.8 Service Oriented collaboration@work middleware I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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On the other hand, a service-oriented collaboration@work architecture will include 
mainstream research results coming from Web Services for Service oriented Architecture 
(SOA), Workflow Systems (WfMS), mobile technologies, P2P, Content Management and 
Knowledge Management technologies. These embedded technologies will allow offering: 
 
1.  A rich infrastructure to allow seamless sharing of information and services to be 
created operated and orchestrated by third parties. Web services are the basis 
technologies for a future plug-and-play service oriented architecture, what will lead 
to a commoditization of software systems. 
2.  A secure environment with privacy where private and work-related content will share 
spaces through models that will recognize ownership and assignment of content and 
tasks within these repositories. This intelligence for security and privacy will be 
embedded in the middleware built upon ontologies and right management 
technologies. 
3.  A trust environment where peers will be able to interact directly with each other or 
through trusted third parties (TTPs) acting as intermediaries. 
 
When seeing the critical development of the components of the enabling technology 
platform the integration and the systemic innovation leading to entirely new, more 
competitive and value creating work patterns and collaborative processes is to be kept in 
mind all the time.   
The systemic innovation integrates the technology innovation with the innovation of the 
application environment and the behavior of the work community. The role of the person 
who is creating value is central, as the collaborative technologies will change the 
organization and interaction models and work processes, especially in knowledge work. 
Those enterprises and organizations that can capture this change of the center of gravity 
of innovation are able to enjoy fully the enabling infrastructure development in their 
competitiveness. 
 
13.6.3   Challenges for realizing this vision 
 
The number of research challenges to develop the enabling collaboration@work 
middleware for distributed environments is so high that it is required a multidisciplinary 
research. The outcome will be enabling technologies that will support e-activities, such as 
e-Business, e-Commerce, e-Manufacturing, e-Government , e-Health and e-Learning. If 
the vision presented above is to be realized, the following nine research challenges will 
have to be tackled with: 
 
1.  Reference architecture. Internationally agreed reference architecture, such as the 
Workflow Management Coalition reference architecture, will allow network 
specialists and software developers to use common semantics to specify services and 
standard interfaces to interact with one another. Challenge: to agree on common 
reference architecture so that services are easily and reliably reused by developers 
and composed into applications. 
2.  Ontologies for collaboration. Distributed collaborative working environments need a 
semantic description of the preferences of the users, the relevant computing 
components and the collaboration acts and processes. It will allow the matching 
amongst the required capabilities for a specific task and the available services. It will I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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also identify the most adequate interaction given an actual context. Challenges: to 
improve modeling language to consider the complexity of distributed groups of 
workers; and the development of ontologies for specific domains. 
3.  Plug&Play interoperable service oriented architecture (SOA). Web services and 
ontologies will enable interoperability among services what will, in turn, allow 
automatic composition of services which will be able to adapt to dynamically 
changing environments. Challenges: to improve current infrastructure for software 
based services; to create methods for communicating and describing service 
functionalities; and to determine which aspects of the application are composed on 
execution time. 
4.  Smooth middleware interaction with the network layer. The enabling middleware will 
incorporate the advanced network services offered by the communication layer. In 
particular it will use IPv6 to recover end-to-end communication, allowing outgoing 
and incoming multiple connections (signaling and data) for end-user applications, 
and signaling protocols and network services to allow applications to request 
authorization and network status information. Challenges: to investigate the usage of 
end-to-end IPv6 model for provision of new services; to improve the way to get 
network information related to QoS, security, multicast, and location; to incorporate 
mediation algorithms to manage complexity; and to integrate network services with 
content services in order to adapt the collaboration services to the available network 
capabilities and context of the user. 
5.  Interaction among peers. The middleware will abstracts the complexity of distributed 
working environments, solving problems such as: scalability, routing, replication, 
discovery of peers, resources and services, management of shared control and data 
among collaborators. P2P systems can allow distributed resource to carry on 
distributed collaborative tasks. One of the main problems lies on the need for 
dynamical discovery of peers, although there are many protocols for discovery, such 
as PnP, JXTA, Mobile-Fi, ZigBee or UDDI, the use of software agent or ‘overlay 
networks’ seems to be the most adequate solution for distributed environments. 
Challenges: a middleware for dynamic discovery; software agents to implement P2P 
systems with no central authority; and new privacy and security paradigm related to 
P2P connectivity and IPv6 features. 
6.  Utility-like computing capacity. Workers will need unlimited computing resources to 
carry on their tasks. These resources will de identified and delivered on real time with 
network-related features, for instance dependability, QoS and SLA (service level 
agreement). Currently, data centers with centralized computing capacity offers a 
good solution for utility-like computing, and grid pools of scattered computing power 
can be also a good solution for sliceable tasks.  Challenges: next generation of cluster 
technologies; algorithms for on-demand allocation of computing capacity coming 
from data center and/or grid pools; integration of mobility and wireless sensor 
technologies with advanced network services, SOA, grid technologies and data 
centers. 
7.  Contextualization and content. As workers will face dynamic and frequently 
unpredicted environments, they will need systems to complement the human ability 
to act on a context of uncompleted information. Application developers should be 
freed of writing code to react to each possible user circumstance in complex 
environments. Reasoning systems will analyze and extract conclusions from old 
tasks, content and data coming from sensors. Specific algorithms (the Naïve Bayes I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
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algorithm and other machine learning technologies) will infer meaning from 
unstructured content using statistical methods that derive patterns. Contextualized 
services and content should also consider end-user access devices and network-
related constraints. Challenges: to incorporate inferential capacities within the 
middleware to deliver contextualized services and content. 
8.  Security and privacy. The convergence of work and private environments arise 
concerns on security and privacy issues. Enabling collaboration@work middleware 
will include means to secure business information while protecting private data. 
Challenges: to include Authentication and authorization infrastructures within the 
middleware; new mechanisms for delegation and revocation; to solve scalability 
problems of PKI authentication systems; to address privacy issues related to software 
agent carrying private information; and to tackle privacy issues related to end-to-end 
IPv6, P2P architecture, and smart sensors embedded in the environment. 
9.  Mobility. The type of access device, the identity of the worker and the current 
location of the worker will have to be known in order to manage mobility. In 
addition, Peer-to-peer distributed environments add up new challenges that next 
generation signaling protocols, such as SIP (Session Initiation Protocol), should 
consider in depth. Challenges: to adapt P2P technology to wireless technologies; to 
integrate signaling protocols and P2P; and to generate agent-based ontologies for 
collaborative mobile environments.  
 
The innovation needed for the full-fledged collaborative working environments need the 
development of the technologies and functionality following the modern understanding of 
the innovation process, which is true especially in dynamic areas like ICT. The innovation 
process is not seen as any linear, sequential process, one step following each other, but 
more a strongly parallel and interdisciplinary process, where the technology and disciplines 
crossroads are the source of innovation.  
The multidisciplinary basic research must interact with the technology and applied 
research in environments where the systemic innovation, i.e. the behavioral and 
implementation innovation can be fostered by real world verification environments and 
trials, with so called “living labs”.  
One very good example of the multidisciplinary concept is visible under 
http://architecture.mit.edu/house_n/ . The environment is based in MIT, Boston, and is led 
by researchers at the MIT Department of Architecture.  Participants include industrial 
sponsors, the MIT Media Lab, the MIT Department of Mechanical Engineering, MIT 
Department of Civil and Environmental Engineering, the MIT Department of Materials 
Science and Engineering, and the Harvard Medical School. 
 
 
13.7    Real world applications 
 
In the following two sections some example areas are provided. The examples can be 
supporting a scenario of a highly educated person, who is living in a rural area. He has 
multiple professional roles, as part of his organizations(s) or communities. For these roles 
he is heavily relying on the enabling collaboration@work technology platforms. In these 
both the connectivity and the quality of service are essential, let us imagining the person 
being a highly skilled maintenance engineer. He by the collaborative work tools is fully I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
 
 
259
 
engaged in the teamwork, which can be fully distributed, even across different time zones, 
and is available when his particular skills are needed.  
When looking at this professional individual, he at the same time belongs to several 
other communities within the concept of the “family” or hobbies or even subject to his role 
as community member towards the government or other public administration (see Figure 
13.9). 
As shown in the picture the enabling collaborative platform creates same functionality 
to this person irrespective of the roles, and is thus combining the principles of SEEM with 
the actual value creating both as worker and as private person. The affordability and 
accessibility are both dealt with by the enabling technology platform. Especially for people 
in knowledge- and interaction rich work the community notion sets high demands for the 
collaboration environment and –infrastructure which can be converted to the benefit of a 
wider set of applications for people in their private interaction needs.  
 
13.7.1.    Industrial maintenance, diagnostics and operations,  24/24 7/7  
 
The industrial processes require continuous monitoring on their performance to predict and 
avoid disturbances; to control and improve the performance and most importantly to keep 
the process running with as high performance and availability degree as possible.  
This has traditionally been done by developing advanced sensor systems, control 
systems and operating systems to help the observation and continuous control and 
supervision of the production facilities. The process control and automation has led to 
highly advanced closed process control rooms, where the complex information is 
transferred to the operators mainly visually, based on sensory information from the process 
itself.  
 
 
 
 
 
 
 
 
 
Figure 13.9 Individual at different roles 
Knowledge management has added intelligence in this presentation of the process data, 
reports and alarm situations enabling better human decisions in the running of the 
processes. Often human intervention has been required only in transitional situations and 
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The operators themselves did not have the need to follow the actual physical environment, 
only the digital interfaces. 
When the processes became more complex, it was essential to assist the operations and 
maintenance with as advanced support tools as possible, setting together the information 
from the process design; the operations log and other similar situations to quickly assess 
the situation and give guidance how the problem would be best solved.  
This led to two important development directions in the work environment   
Firstly, it became essential to convey the complex information to the maintenance worker 
on the plant floor, helping him to find the defect components and assisting him to do the 
necessary maintenance or repair work. Mobility and interfaces were necessary to be 
developed.  
Critical technological components needed are mobile interfaces, which work in 
industrial process’ environments, hands-free and natural interface technologies as the user 
often is at the same time working with the hands and should be assisted by the system, and 
thirdly complex knowledge and design data management which is combined with 
visualization (perhaps augmented reality) technologies at the shop floor level. 
Secondly, because of the nature of more complex processes remote expertise needed to 
be assured at each instance, in a highly dynamic and unpredictable way. The remote 
expertise needed to be provided to the problem location, irrespective of the physical 
distance. This required interaction technologies between the maintenance operator and the 
expert, enabling the right guidance. It requires visualization technologies, perhaps 
interactive VR and augmented reality in collaboration p2p spaces, and it requires 
interaction with the process artifacts; the sensors in the system, the control system and also 
the design data in an embedded and synthesized manner. Again, to filter out the essential 
context sensitive information, based on the task to be performed good semantic and 
cognitive technologies is required. 
The connectivity requirements are thus between humans, between humans and sensors 
and systems and across systems.  
The service needs to be performed at a certain location, but due to the special expertise 
often needed, the additional expertise needs to be found on task-driven basis, and very 
often the needed competence combinations, "teams", vary depending on the actual 
situation.  
The connectivity dynamic becomes critical.  
In this collaborative working environment the ambient intelligence landscape provides 
besides the dynamic connectivity user sensitive and context-sensitive access and 
connectivity. The people collaborating need to have clearly different access rights to the 
system level in order to maintain the robustness of the operation as a whole.  
In interaction both close to the process and with the expert mobile connectivity with 
media-rich, often augmented reality technologies is a prerequisite. By nature the expert 
maintenance worker link needs to be based on p2p architectures to increase the efficiency.  
In the near future, manufacturing in general and the maintenance business in particular 
will be expertise-based. Technological development gives more complicated and more 
specified equipment. On the other hand it provides the opportunity to use distributed 
maintenance services with new business opportunities. Providing one’s own maintenance 
department is an expensive way to handle the need for increased expertise and the 
increased use of technology. It requires having extensive continuing education to keep 
abreast of the technical development. But collaborative e-Maintenance enables a group of I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
 
 
261
 
companies to share resources and expertise, providing the critical mass that is required 
keeping abreast of changing technology.  
The emergence of new approaches to work organization and business models is driven 
by many factors, the paramount ones being technological development and increasing 
global competition. These, in turn, lead to the need for structural adaptation in the 
corporate world. These changes pose great opportunities for industry and will contribute to 
society’s well being – provided industry is sensitive enough and forceful enough to 
capitalize on them. Technological development offers great potential for quality and 
productivity improvements in the process industry, provided it is put to appropriate use. As 
people in organizations learn to make better use of these advances new means of 
cooperation emerge (e.g., the Internet leads to networked workgroups).  
There are good examples on the economic benefits, leading to strategic assets in the 
process industry; As example small improvements in OEE can achieve large returns. At 
Avesta Polarit steel factory  in Tornio it has been estimated that a 2% improvement in OEE 
(Overall Equipment Efficiency) translates into a yearly increased profit of 5,000,000 €. 
To develop new collaborative technologies that will directly attack one of the largest 
problems in European industry, namely a low OEE, is probably a very good investment by 
EU R&D funding bodies. In Sweden, the mining and steel industries are 15-25% below 
target. If all Swedish industry could reach a target level of 85%, it is estimated that the 
GNP would increase by €17,000,000,000. [19]. 
A corresponding increase throughout Europe would have an immediate positive impact 
on the quality of all citizens’ lives. Within the regional initiative ProcessIT Innovation [20] 
 together with EU partners there are ideas that will demonstrate the viability of predictive 
maintenance using a collaborative, electronic model by constructing a pilot e-Maintenance 
network and operation care center. Thus entirely new knowledge intensive workspaces and 
work practices are leading to new business models boosting productivity.  
The maintenance care center concept will facilitate manufacturers contract out their 
maintenance support to a specialized organization that supports other manufacturing and 
process industry. By sharing their maintenance operations, companies will be able to 
obtain improved service and increase their overall equipment effectiveness (OEE). In 
addition, the participating companies will benefit from the synergy created by pooling their 
maintenance expertise. The care center will in turn make a profit by more efficiently 
utilizing maintenance experts. 
Collaborative e-Maintenance will generate new business opportunities for SMEs to 
develop and provide innovative products and services. Furthermore, as the e-Maintenance 
network is virtual, the market will not be bounded by distance, which is of great 
importance for a region, which sometimes is described as rural area. SMEs will be able to 
sell their products and services worldwide. A virtual network means that personnel will 
become truly mobile, unfettered by location or time.  
The scheme developed in the North of Sweden, in the Internetbay region where 
broadband connections/infrastructure are widely spread, even in the rural regions which in 
turn opens up for new innovative remote businesses like the one described above.  
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13.7.2   Rural collaborative work environments creating full inclusion to the knowledge 
economy 
 
Rural areas are often seen as raw material sources for forestry and agrifood industry alone; 
in the knowledge economy the picture is much broader, and the break from the old 
perceptions are to be made very clearly. 
Figure 13.10 Information Society in Rural areas [21]. 
Collaboration@work is an essential driver when we look at the value creation possible 
originating from and done in rural parts of Europe. The collaborative workspaces including 
connectivity and intelligent work support are maturing to be used in various settings and to 
create new jobs in rural and remote areas. 
In rural areas there are specific issues, which make them very challenging when 
creating collaborative workspaces in an affordable and accessible way. It is possible to 
create value in rural areas by developing the connectivity and collaborative environments 
to fully share the need for shared workspaces. The limited infrastructure becomes the most 
significant challenge. 
Firstly: The population density is very low, raising the importance of generic solutions 
for collaborative work in different contexts. Secondly the connectivity infrastructure is 
very diverse and often very specific for a certain application. Both of the factors are 
affecting the availability of the service and the access costs specifically.  
This suggests that the specific need for heterogeneous open application platforms 
enabling media-rich connection and reliable connectivity, including mobility are critical in 
many rural application areas. So is the rural@work technology platform. 
When looking at the issues to be dealt with in these rural settings for collaboration we 
see the rural dimension integrating the actual work tasks to quite high demands of context 
sensitivity and location based services, i.e. context-based location dependent services built 
on heterogeneous (mobile) platforms. By the inmaterialisation of products and services the 
number of location independent work is increasing dramatically. 
The target population is twofold.  The people who live (have chosen to live) in rural 
areas and need to participate to the "rest of the society", and secondly people who are 
temporarily in those peripheral areas and need to have the usual connectivity both 
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regarding the services and content, for professional reasons  (e.g. senior managers, experts 
etc). 
“Normal” ICT jobs like teleworking environments supporting cottage work, or call centers 
have traditionally been located in rural areas. In these applications local IT support with 
limited bandwidth has been the key driver for the new jobs. However increased 
connectivity and mobility, including broadband is driving the infrastructure and services to 
serve better more knowledge intensive workplaces in rural areas than ever before.  
Advanced shared design environments, design and creativity workspaces require 
broadband connectivity and a lot of knowledge technologies to perform. The special 
challenge of these collaborative environments is to provide he real “community” notion to 
a worker who is physically alone, to increase the interactivity needed for creativity in co-
design processes. 
In rural areas, mobility[22] is a critical aspect in many forestry and inspection 
applications as well as location based services. Forestry inventory, or forestry planning 
taking into account the sustainable forestry might need mobile virtual visualization 
environments, which can have real time connectivity with the land registry databases. 
Natural interfaces are needed in applications, where the worker is actually doing with 
his hands something whilst being supported by ICT systems, e.g. in forestry and alimentary 
sectors. 
Simple access, no need to bother about the connectivity protocols is essential. 
Spontaneous and dynamic connections and communication essential for effective 
professional collaborative work spaces.  This functionality is strongly being based on the 
concept of the SEEM enabling that kind of dynamic connectivity which does not inhibit 
the workers to interact much more spontaneously and cost effectively than before, leading 
to high productivity.   
 
 
13.8.    Conclusions and stepping stone 
 
Collaboration@work technologies will allow synchronous and asynchronous real time 
seamless interactions between individuals who define common objectives and work 
actively and effectively to achieve these common goals, participating in agreed business 
processes in an Ambient Intelligence environment. The development of the components of 
the enabling technology platform, the integration and the systemic innovation will lead to 
entirely new, more competitive and value creating work patterns and collaborative 
processes where the border among professional activities and private communities will 
blur. This development and integration will deliver a new enabling e-Work Technology 
Platform that will provide e-operations and e-support which will be the basis for e-
Business, e-Commerce and e-Government applications.  
Enabling collaboration@work Technology Platform is moving on based on the 
findings done by WfMS, KM and CSCW research towards a new dimension at the nexus 
of the 3rd wave of Internet. Software architectures for collaborative work (distributed and 
mobile collaborative communities) will support distributed collaboration, i.e.: synchronous 
and asynchronous knowledge and information sharing across organization boundaries; up-
to-date distributed knowledge base; always on connectivity; shared access to the 
virtualized world; context-aware service-oriented computing and management of a 
complex virtualized world. These new ways of work will be built at the nexus of the 3rd I. Laso  Ballesteros and  B. Salamelin  /  AMI-endowed Collaboration@work 
 
 
264
 
wave of Internet trends: utility-like network, wireless/sensor technologies and commodity-
like service oriented software. 
The collaboration@work middleware is the cornerstone of the e-Work technology 
Platform. It is an interface between network protocols/services and end-user collaborative 
Applications. The middleware will abstract away the communication network diversity; 
will contextualize distributed collaborative tasks among workers and will deliver resources 
on demand. It will allow the switch between professional environments and private spaces. 
The middleware will be a ubiquitous service oriented enabling technology for seamless 
interactions among workers and with the surrounding Ambient Intelligence environment. 
The e-maintenance and e-Rural scenarios illustrate the importance of enabling AMI-
endowed collaboration@work technology platforms. Using collaborative work-enabled 
applications, the worker will be fully engaged in teamwork, which can be fully distributed, 
even across different time zones, and is available when his particular skills are needed. 
These contextualized cases show how collaboration technology will be the primary 
technology that will facilitate profound changes in work. This change will imply the 
virtualization of the work enabled by the availability of ubiquitous high-bandwidth. 
Collaboration technology will also induce major changes in the organization of 
enterprises or governments. Many campus-centric organizations will relax the necessity for 
convergence on a single location and will open regional offices as hubs.  
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